Bacteriophage T4 makes a large number of prereplicative proteins, which are involved in directing the transition from host to phage functions, in producing the new T4 DNA, and in regulating transcriptional shifts. We have used two-dimensional gel electrophoresis (nonequilibrium pH gradient electrophoresis gels in the first dimension and sodium dodecyl sulfate-polyacrylamide gradient slab gels in the second) to identify a number of new prereplicative proteins. The (18), who used one-dimensional gels.
of new prereplicative proteins. The products of many known genes are identified because they are missing in mutants with amber mutations of those genes, as analyzed by us and/or by previous workers. Some have also been identified by running purified proteins as markers on gels with labeled extracts from infected cells. Other proteins that are otherwise unknown are characterized as missing in infections with phage carrying certain large deletions and, in some cases, are correlated with sequence data.
Bacteriophage T4 is a large phage, with 168.9 kbp of genetic information, and its genes are regulated in complex patterns (15; see references 10 and 12 for its map). The T4-encoded proteins can be broadly divided into two classes: the prereplicative proteins, which include those involved in shutting off host function, in producing the new T4 DNA, and in regulating the transcriptional shifts, and the late proteins, which are produced only after the start of DNA synthesis and are mainly components of the phage capsid or are involved in formation of the phage particle. O'Farrell et al. (19) used a onedimensional discontinuous sodium dodecyl sulfate (SDS)-polyacrylamide gel system (13) to resolve approximately 33 bands of T4 prereplicative proteins, 25 of which were characterized as missing in specific nonsense or deletion mutants of T4. We later extended this one-dimensional resolution to approximately 60 prereplicative bands by using longer gels with superimposed gradients of acrylamide and sucrose (16) . However, it was evident that there must be many more prereplicative proteins, particularly those with low molecular weights, that could not be resolved in these studies.
The two-dimensional polyacrylamide gel electrophoresis technique originally developed by O'Farrell (17) (18) , who used one-dimensional gels.
MATERIALS AND METHODS
Phage and bacterial strains. The phage strains used are listed in Table 1 . amber mutant strains were grown from single plaques on E. coli K803 (rK-mK-thi met supE). Other strains were usually grown on E. coli B or B834 (rB-mB-thi met), which were also used for labeling experiments. reproducible growth and makes no apparent difference in labeling efficiency. Sample preparation and electrophoresis procedure. The general procedure for sample preparation and electrophoresis was that described by Kutter et al. (9) , refined in many small ways. Bacteria were grown as described above to about 5 x 108 cells per ml. Tryptophan was added to 0.02 mg/ml, followed by phage at a multiplicity of about 8 to 12 particles per cell. Proteins in samples of 2.5 x 108 cells were labeled with 2.5 ,uCi of "4C-labeled mixed amino acids (Schwarz/Mann or ICN Biochemicals, Irvine, Calif.) per ml at various intervals after infection. At the end of the labeling interval, cold Casamino Acids were added to a final concentration of 1%, and 2 min later the cells were chilled and collected by centrifugation for 15 min at 5,000 x g. The pellet was resuspended in 60 ,ul of lysis buffer (63 mM Tris-hydrochloride [pH 6.8], 2% SDS, 5% 2-mercaptoethanol), and the cells were lysed by boiling for 5 to 10 min.
Samples were prepared and run in the first dimension (nonequilibrium pH gradient electrophoresis) by a method similar to the third method described by Burke et al. (3) . Urea was added to 50 RI of each sample to a concentration of 1 mg/ml, and 100 ,u of NEPHGE buffer (9. after infection. Note that the proteins labeled UT are not observed if the cells are preirradiated, indicating that these are almost certainly residual host proteins whose synthesis is turned off somewhat slowly.
A pH scale is indicated for the first dimension in Fig. 2 . The calculated pls of the proteins correlate very well with their gel position for the proteins whose sequence is known (Fig. 3) , even though this is nonequilibrium pH gradient electrophore- sis and the pH scale cannot be used to give precise isoelectric points for the proteins, particularly for the more basic ones. Since, unfortunately, the pH gradient in the more basic regions becomes diffuse upon longer electrophoresis (and breaks down totally in isoelectric focusing), this method can give only an approximate indication of their relative charges. In the second dimension, the proteins migrate approximately according to molecular weight, but this clearly is not absolute. Thus, rather than using a molecular weight scale or set of standards, we have indicated the molecular weights (in thousands) on the gel itself ( Fig. 1) for a number of proteins whose primary structure has been deduced from DNA sequencing data. Table 2 gives similar data for the deletion mutants used to identify the proteins whose genes lie in these deletable regions (Fig. 4) (14) are in such relatively uncharacterized, deletable regions (Fig. 4) . The available deletions permit some division of the AfarP13 region into subregions; for instance, only a few of the proteins missing in AfarP13 are also missing in Atk2 (Fig. 5) . The protein designated "tk" is indeed missing in mutants with Atk2, Atk3, Atkl9, and Atk25.
It is important to remember that there might be extraneous mutations in a phage in addition to a known deletion. For instance, the AfarP13 strain also carries a mutation in the sunY gene (20a) (10, 12) also includes a total of 84 otherwise unidentified open reading frames, coding for potential proteins of 5 to 45 kDa, all transcribed in the typical "early" direction; most of these include appropriate control signals. It should be possible to gradually correlate them with proteins observed on gels by combining such data as their predicted size and migration on pH gradient gels, timing of synthesis, control patterns predicted from the sequence, and elimination by one of the known deletions. This, in turn, can help predict their functions, since T4 proteins tend to cluster into groups with related functions, with regard to both genetic locus and control patterns.
It is hoped that the data presented here will further encourage others to use the powerful two-dimensional gel technique to analyze the proteins with which they are working. The methods we have used are relatively simple and inexpensive.
We would also appreciate data on any additional proteins that have been identified, to help complete a compendium of T4 protein data as we have been doing with T4 gene-mapping and restriction mapping data (10) (11) (12) and the integrated T4 sequence bank (available on disk).
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